Vibrio palustris sp. nov. and Vibrio spartinae sp. nov., two novel members of the Gazogenes clade, isolated from salt-marsh plants (Arthrocnemum macrostachyum and Spartina maritima) T had less than 97.0 % similarity to any other species of the genus Vibrio. Both strains share the basic characteristics of the genus Vibrio, as they are Gram-stain negative, motile, slightly halophilic, facultatively anaerobic bacteria. In addition, they are oxidase-negative and unable to grow on TCBS Agar; they grow between 15 to 26 C, pH 6 to 8 and in up to 10 % (w/v) total salinity. They produce indol, are positive in the Voges-Proskauer test and are negative for arginine dihydrolase, lysine and ornithine decarboxylases. Strain SMJ21
At the time of writing, the Gazogenes clade within the genus Vibrio includes six species with validly published names: Vibrio gazogenes, which was the first gas-producing member of the genus Vibrio to be described (the original description ascribed the species to the genus Benekea) [1] , Vibrio aerogenes [2] , Vibrio ruber [3] , Vibrio rhizhosphaerae [4] , Vibrio mangrovi [5] and Vibrio quintilis [6] . A close phylogenetic relationship between V. gazogenes, V. aerogenes, V. ruber and V. rhizosphaerae was recognized in the MLSA studies of Sawabe et al., [7] and resulted in the inclusion of these species in one of the seventeen clades currently defined in the genus Vibrio [7] . A combination of several of the following phenotypic features, which are uncommon in Vibrio spp., is found in the species of this clade: gas production during fermentative growth, synthesis of a red pigment of the prodigiosin class, oxidase-negative, butanediol fermentation (Voges-Proskauer positive test), inability to reduce nitrate and a lack of growth on Thiosulfate Citrate Bile Sucrose Agar, a classical selective medium for Vibrio spp. recovery. Prodigiosin-type pigments have raised interest in these bacteria, due to their antitumour, immunosuppressant and antimalarial activities [8] . The compound synthetized by V. gazogenes and, presumably, by the other pigmented members of the clade, was identified as cycloprodigiosin, a derivative of prodigiosin also produced by the marine bacterium, Pseudoalteromonas rubra [9] .
Species of the Gazogenes group have been isolated from salt-marshes or mangrove sediments, as well as from plants growing in these environments; free-living, seawater species also exist (Vibrio quintilis). One of the species (Vibrio mangrovi) is a diazotroph, while another (V. During a survey of plant-inhabitanting bacteria, undertaken in several salt-marsh environments in Huelva, in the southwest of Spain, two strains with profiles matching those of Vibrio sp. were isolated. The plants were sampled from two marshy, saline environments in the Odiel River estuary, in Huelva, on the south Atlantic Spanish coast (37 10¢ 35.2¢¢ N 6 55¢ 59.2¢¢ W). Strain SMJ21 T was isolated from the inner part of the root of the cordgrass Spartina maritima plant in May, 2013 [10] . Strain EAod9
T was isolated from leaves of Arthrocnemum machrostachyum growing in the same location, in February, 2014 [11] . The isolation procedure is described in detail in [10] . Briefly, surface-sterilized roots of S. maritima and leaves of A. machrostachyum were macerated using a sterile mortar and pestle in a small volume of sterile physiological saline solution. The resulting tissue extracts were plated onto TSA 0.3 M NaCl plates and incubated during 72 h at 28 C. To obtain pure cultures, colonies were subsequently re-streaked on TSA NaCl 0. 26 C, unless otherwise indicated. Longterm preservation was achieved by lyophilization.
Phenotypic characterization of the two novel strains, plus the six reference type strains was achieved by using methods previously described [12] , except for the oxidase test, which was performed using Oxoid Microbact Oxidase Strips (Oxoid) and determination of the pH range for growth, which was determined after 48 h incubation at 26 C in Salt Tolerance Broth (Tryptone, 10 g l , prepared in acetate buffer for pH 4.0 and 5.0; phosphate buffer for pH 6.0 and 7.0 and Tris-HCl buffer for pH 8.0 and 9.0). Anaerobic growth with nitrate as the electron acceptor was checked in denitrification medium, as described by Baumann and Baumann [13] . Commercial media lacking marine salts were supplemented with 1/10 (v/v) Marine Cation Supplement, MCS [14] . API 20E, API ZYM and API 50CH/E inoculating solutions and media were also supplemented with 10 % (v/v) MCS. Both strains displayed the basic traits of members of the genus Vibrio, plus some features typical of the Gazogenes clade. Results of the phenotypic characterization are fully reported in the species descriptions. Characteristics differentiating the novel strains from members of the Gazogenes clade with validly published names are shown in Table 1 .
Cellular fatty acid compositions were determined, according to the standard protocols described for the MIDI Microbial Identification System, at the CECT by following previously described procedures [15] . The strains were cultured on MA and incubated at 26 C for 24 h. The fatty acid methyl ester profiles of the isolates are shown in Table 2 , along with those of all the type strains listed above and they were all analyzed in parallel. As Table 2 illustrates, the profiles are quite uniform, but there are some differences in C 12 : 1 3OH, which is present in species of the pigmented group and absent (or present in trace amounts) in non-pigmented strains, including EAod9 T .
16S rRNA gene sequencing and analysis was carried out as previously described [16] . The sequences obtained (with accession numbers KU320862 for EAod9 T and KX583607 for SMJ21 T ) were compared with sequences of type strains of species within the Vibrio clade using alignments retrieved from the latest updates of SILVA and LTP as references [17] . When necessary, additional sequences were retrieved from GenBank/EMBL/DDBJ databases. Alignments were corrected manually according to information on secondary structures. Sequence similarities were calculated in ARB, on the basis of sequence similarities, without the use of an evolutionary substitution model. Phylogenetic analysis using treeing methods [maximum-parsimony (MP), maximum- Red pigment
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likelihood (ML) and neighbour joining (NJ)] and data subsets were performed using appropriate ARB tools [18] .
Comparison using the EzBioCloud identification tool [19] showed that the sequence of strain SMJ21 T was related to species in the Gazogenes clade with similarity levels lower than 97.0 %, except for V. mangrovi and V. rhizosphaerae, which had similarities of 97.3 and 97.1 %, respectively. These figures are below the 98.3 % value proposed by Meier-Kolthoff et al. [20] as the threshold above which DDH determinations are required in order to discriminate between prokaryotic species. Strain EAod9 T had similarities that were lower than 97.0 % with all other species of the genus Vibrio. A phylogenetic tree based on the ML method is depicted in Fig. 1 . MP and NJ trees are provided in Figs S1 and S2 (available in the online Supplementary Material). In all trees, both strains merge in the Gazogenes clade within the genus Vibrio. SMJ21
T shows a closer relationship to V. gazogenes in both ML and MP trees and to V. rhizosphaerae in the NJ tree, always within the subclade of the pigmented species. While the EAod9 T sequence is in the periphery of the group, it is still clearly a member of the clade as the node is supported by high bootstrap figures (90 % for ML and MP trees, 68 % for NJ) and it is recovered in all trees. These results suggest that both novel strains could represent two novel species of the genus Vibrio.
We determined the whole genome sequences of strains EAod9
T and SMJ21 T , as well as of the five type strains of species of the Gazogenes clade by following already published methods [21] T (FRFG0100000). In addition, the genome sequence for the type strain of V. rhizosphaerae was obtained from the Genome NCBI Database with the accession number JONG01000000. In order to assess their quality, the bioinformatic tool CheckM [22] was used to provide estimates of genome completeness and levels of contamination with satisfactory results. Then, we determined the genomic relatedness among strains by using the estimated DDH [23] , ANIb and ANIm [24] and OrthoANI [25] indices. The estimated DDH values between EAod9 T and the other members of the Gazogenes clade, according to GGDC, were between a value of 18.6 % with the type strain genome of V. rhizosphaerae and a 20.0 % with the genome of the type strain of V. gazogenes. The range for SMJ21
T was between 18.9 % with V. aerogenes and 45.3 % with V. gazogenes CECT 5068 T (Table 3) . OrthoANI values were always below 90 %, except for the pair SMJ21
T and V. gazogenes CECT 5068
T , which exhibited a value of 91.8 % (Fig. S3) . Similar results were obtained with ANIb and ANIm indices (Table 3) . So, all indices gave values well under the marker for same species delimitation, which is 70 % for DDH and 95-96.0 % for ANI. This confirms the novelty of the two strains at the species level.
Some chemotaxonomic features could be derived from whole genomic analysis, such as the G+C molar content, the quinones and polar lipids produced. G+C molar contents were 43.4 mol% and 45.3 mol% for EAod9
T and SMJ21 T , After RAST server searching [26] , we confirmed the presence of genes coding for cardiolipin synthetase (cls) and phosphatidyl serine decarboxylase (psd), which predicts the ability to synthesize diphosphatidylglycerol (DPG) and phosphatidylethanolamine (PE), along with phosphatidylglycerol (PG,) in both strains. This is in agreement with the few polar lipid analyses available for species of the genus Vibrio with validly published names [27] , and also with the predicted polar lipid synthesis capacities shown by the genomes of the other six species of the clade. The presence of octaprenyl diphosphate synthase in the genomes of strains EAod9 T and SMJ21 T , and the absence of nonaprenyl-and decaprenyl diphosphate synthases suggests that ubiquinone 8 (Q8) is the major quinone, as it is usually found in the family Vibrionaceae.
In summary, both strains fulfill the basic phenotypic characteristics of members of the genus Vibrio (as they are Gram-stain-negative, motile, slightly halophilic, facultatively anaerobic chemoorganotrophs, which are able to ferment carbohydrates), but they have some traits uncommon in members of the genus [oxidase-negative, no growth in TCBS Agar (a selective and differential medium commonly used for vibrio isolation)]. However, these are similar to characteristics shared by members of the Gazogenes clade, to which they show a clear phylogenetic relationship. Both strains do differ from members of this clade on the basis of pigment and gas production, T and SMJ21 T , respectively, plus type strains of other species of the genus Vibrio. Sequence accession numbers are given in parentheses. Bootstrap values of greater than 70 % confidence are shown at branching points (percentages of 1000 resamplings). Nodes that were also obtained in the maximum parsimony and neighbour joining tree are indicated by an empty circle and a black circle, respectively. Bar; number of substitutions per position.
reduction of nitrate, temperature and salinity ranges for growth, carbohydrate fermentation patterns and the ability to grow using a selected number of carbon sources (Table 1) . Their fatty acid composition follows the main pattern of the genus, but the two novel strains differ in having the hydroxylated fatty acid, C 12 : 1 3OH, which is discriminatory between the pigmented and non-pigmented subclades ( Table 2) .
Some of the key phenotypic features of the Gazogenes clade, displayed by EAod9
T and SMJ21 T , are consistent with the genomic information. The ability of SMJ21
T to synthetize a red pigment related to prodigiosin can be accounted for by the presence of redV and redY genes. These genes are present in the genomes of the type strains of the other red pigmented species [V. gazogenes, V. ruber, V. mangrovi and V. rhizosphaerae, (as well as in the Hahella chejuensis and Pseudoalteromonas tunicata genomes)], but are absent from non-pigmented EAod9 T , V. aerogenes and V. quintilis. Gas production during glucose fermentation is characteristic of the whole group, except for EAod9 T , which is anaerogenic. EAod9 T lacks the formate hydrogenase genes that are present in the other members of the clade. The negative result in the oxidase test, which is related to the absence of c-type cytochromes and atypical of the genus Vibrio, may be related to the absence of the nine specific cytochrome c maturation (ccm) genes. EAod9
T and V. mangrovi CECT 7927
T are the only strains that possess this cluster (despite being oxidase-negative). Only three species possess a respiratory nitrate reductase system (narG, narH, narJ and narI): V. ruber, EAod9 T and SMJ21 T . The others, lacking the appropriate genes, are negative for the ability to reduce nitrate to nitrite.
The phenotypic, phylogenetic and genomic informationpresented here confirm that EAod9
T and SMJ21 T represent two novel species of the genus Vibrio, for which we propose the names of Vibrio palustris sp. nov., and Vibrio spartinae sp. nov., respectively. C and in media with 1 to 10 % (w/ v) NaCl (optimum; 3-5 %), but not without any added salt. Catalase-positive and oxidase-negative, are able to reduce nitrate to nitrite, but not to N 2 . Anaerobic growth with nitrate as the electron acceptor is positive. Glucose is fermented without gas production. Positive in the Voges-Proskauer test, ortho-nitrophenyl-b-galactoside (ONPG), alkaline and acidic phosphatases, leucine arylamidase, bglucosidase and b-galactosidase (weak). Negative for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and indol production from tryptophan and urease. The type strain, EAod9
T (=CECT 9027 T =LMG 29724 T ), was isolated from inside an Arthrocnemum macrostachyum leaf, which was growing in the estuary of the Odiel River, in Huelva, on the southern Atlantic Spanish coast. The DNA G+C content of the type strain, determined from the genomic sequence, is 43.4 mol%.
DESCRIPTION OF VIBRIO SPARTINAE SP. NOV.
Vibrio spartinae (N.L. gen n. spar.ti¢nae of Spartina the plant genus from which the strain was isolated).
The type strain, SMJ21
T (=CECT 9026 T =LMG 29723 T ) was isolated from inside a Spartina maritima root growing in the estuary of the Odiel River, in Huelva, on the southern Atlantic Spanish coast. The DNA G+C content of the type strain, determined from the genome sequence, is 45.3 mol%.
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